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Abstract—South African industry today need to utilise the 
available technology across disciplines to compete globally. One 
of the latest trends in the system integration field is to use virtual 
commissioning. Virtual commissioning allow the developer to 
validate the complete operation of new systems before anything 
materialise in the physical environment. It does not only allow 
operation verification but also informs the validation of the 
physical layout and architecture of the system in development. 
Virtual commissioning even allow verification of system code 
and rectification of design flaws. The paper will show with a 
suitable case study how it is possible to predict the functionality 
of a system with early verification of system code from your 
desktop. This will give companies the competitive advantage due 
to complete system verification and validation before any mayor 
capital layout.  
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I. INTRODUCTION 
Virtual commissioning is the simulation of a system in a 
virtual environment and thus no need for the physical system 
during the development phase. Virtual commissioning also 
allows for easy reconfiguration of an existing system, where 
process, software or hardware changes can be made in the 
digital model of the system [1]. Virtualization will thus 
become the initial integral part of any new system 
development. 
 
This system development is not limited to the hardware of 
a system but also the coding of these hardware devices. This 
allows for coding of the system before the physical hardware 
is installed and it give the developer the option to confirm 
correct operation of the code as well as the physical 
movement and feedback from the hardware. The aim of the 
project is to proof the advantages and use of virtual 
commissioning within the system integration environment. 
 
II. PROCESS TO VIRTUAL COMMISSIONING   
The process of virtual commissioning include the 
validation of the physical hardware and it is important to have 
knowledge on the behaviour and kinematics of these 
components. The process steps that will be explained in detail 
later in the paper, to achieve virtual commissioning must 
include the following but is not limited to these steps. First, 
all the characteristics of all the parts that will be used to 
develop the hardware need to be known including all sub-
elements. This include the geometry and movements of the 
parts as well as any constraints [2], [3]. Then products need to 
be formed from these parts and sub-elements. Then smart-
devices need to be developed using these products and 
applying logic behaviour to them. The development of the 
control logic is next followed by the supervisory interface. 
 
The process from the initial identification of parts of the 
system to the virtual commissioning of the system will now 
be explained in detail making use of a case study in which 
“DELMIA” software was used to create a virtual environment 
to develop and validate a three axis assembly cell.  
 
A.  Smart-Devices 
Any geometry which consists of multiple parts, or other 
products, is known as a product. A product is the root element 
of a hierarchy and contains multiple sub-elements to represent 
the branches of the hierarchy tree.  
 
Fig.1 shows clearly that a collection of parts are grouped 
together to form an assembly [4]. Here, constraints and tasks 
can be allocated to the assembly, then be connected to 
internal device logic to form a smart-device. In a similar way, 
multiple smart-devices can be used together to form a work 
cells and ultimately an entire system [5]-[7]. 
 
 
 
Figure 1: Hierarchy of a work cell [4] 
 
B. Control and Device Logic 
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In Fig. 1 it is shown that the simplest component that can 
be used within a work cell is a part. Multiple parts or other 
products can be combined to get a product as mentioned 
earlier. A smart-device then get implemented using products 
(or assembly of products) and adding logic to it. 
Smart-devices consist of geometry and internal logic (IL). 
The geometry of a smart-device consists of parts, assemblies 
and mechanisms (also called joints) [4]. There are two 
methods of attaining the geometry of parts and it is to 
download the parts from a vendors’ website and alternatively, 
parts can be  designed and created by using the suitable 
computer-aided design (CAD) software [8], [9]. This 
hierarchy of a work cell is shown in Fig. 1. 
 
An assembly is a collection of parts that are linked 
together by means of specified constraints as shown in Figure 
2. Assemblies need to contain at least one fixed part and can 
have a number of various moving parts. It is important to 
understand that the assemblies need to be constructed in a 
way to ensure the virtual part matched the physical part in all 
detail. The construction of these assemblies will now be 
explained. 
 
Fig. 2 is explaining the process visually and it start from 
number 1 to number 4 in the figure. In number 1 the parts are 
moved into the working environment. This is the parts that 
are either downloaded from manufacturer or were design by 
the developer. The parts then need to be assigned constraints 
as is shown in numbers 2 and 3 of Fig. 2. Constraints include 
alignment, orientation of parts and surface constraints. The 
next step after the constraints were allocated is to update the 
geometry forcing the parts to move into the intended positions 
as is shown in number 4 of Fig. 2. Kinematical commands 
can be linked to the assembly and physical limits be specified 
that include the direction of movement, speed and the 
acceleration of the assembly. Through this process a 
mechanism (or joint as stated earlier) was created. 
 
 
Figure 2: Assembly of parts [4] 
It is possible to give these mechanism behaviour through 
linking tasks and operation to it. The definition of an 
operation is that it allows the movement of a mechanism or 
several mechanisms and the definition of a task is to execute a 
series of operations and functions.  Operations allows the 
developer to test certain functionality needed from the 
mechanism. If not possible then the mechanism can be re-
design to provide the needed functionality. The tasks allow 
the developer to create the sequence of possible activities and 
to teach it to the mechanism. The mechanism need to be 
moved to certain positions that are then recorded in a table to 
be saved as part of the mechanism design. All these 
operations and tasks are then combined to create a smart-
device. 
  
A smart-device is thus controlled by the operations of the 
device which in turn is controlled by the recorded tasks that 
will be executed sequentially. Through this process the smart-
devices needed to develop the system are developed with the 
correct characteristics and specifications. Part of this smart-
device development will be to ensure that the operation of the 
devices are within the working environment where the 
systems needs to fit in.  
 
It is also possible to combine a number of smart-devices to 
form a more complex assembly or system [1]. Smart-devices 
can be linked in a parent-child configuration that will enable 
the smart-devices to move in relation to each other. Fig. 3 is 
showing a number of smart-devices that are imported into the 
working environment (number 1), they are then aligned into 
their positions (number 2). In number 3 in Fig.3 the smart-
devices are linked in the above-mentioned parent-child 
configuration.  
 
 
Figure 3: A completed smart-device [4] 
 
Control logic need to be added to ensure that the 
developed smart-devices follows the operation and movement 
of the physical devices. This will also allow the developer to 
create a digital factory in which the smart-devices will 
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cooperate with each other to produce the needed functionality 
for the system under development. This added control are 
separated into control logic and device logic. Fig. 4 also 
shows that the control logic can be further divided into 
internal and external control logic.  The internal logic 
represent a standalone control module that can be 
incorporated into any device. The external logic refers to any 
external controller (processor) linked to the system. This 
external controller can be a number of different controllers or 
processors and will be used in the physical developed system.  
 
 
 
Figure 4: Device and control logic 
 
The device logic, also called internal logic (IL), assigns 
unique behaviour to the device that was designed according to 
what was described earlier. The device actions are controlled 
via the inputs and outputs of each device through the IL. This 
process allows each device to have its own distinct behaviour 
as indicated in Fig.5. 
 
The opposite is true for the control logic. The control logic 
is a standalone supervisory control option that allows the 
developer to control a number of smart-devices within the 
digital factory. In short, the internal control allows the virtual 
controller to be linked to the devices to be able to emulate the 
operation of the physical controller that will be used in the 
system.  
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With the external control the developer is able to link the 
real controller to the created smart-devices. This enables the 
developer to verify the code of the real controller. In the case 
study used in this paper, the communication between the real 
controller and the smart-devices within the virtual 
environment was done making use of OLE for Process 
Control (OPC) protocol and an OPC server. The reason for 
using OPC is that all major manufacturers like Siemens, 
Allen Bradley and National Instruments are having OPC 
drivers available. This have the advantage that no 
manufacturer specific software except the OPC drivers is 
needed to communicate with these equipment. 
 
III.IMPLEMENTATION AND VALIDATION 
The process to obtain virtual commissioning can better be 
explained by referring to Fig. 6. The development steps 
towards virtual commissioning are summarised in Fig. 6. The 
initial step is to ensure all parts needed for the system are 
designed or obtained from the manufacturers. Then all 
combinations of assemblies and smart-devices need to be 
created. The devices need to provide all operations and tasks 
to ensure all behaviours of the system are available. The 
following step is the validation that all mechanical operation 
is able by combining the device or making complex 
assemblies of devices.  
 
 
 
Figure 6: Steps to virtual commissioning 
The final steps is to develop the logic for the virtual 
environment. The logic is an indication of the intelligence 
incorporated in each device.  Now the geometry of all devices 
need to be validated to ensure similar operation and 
movement limitations as the physical components. Now all 
smart-devices are incorporated into the virtual environment to 
establish the digital factory. The environment is now set up 
for virtual commissioning of the developed system [5], [10]. 
 
A number of test procedures was developed within the 
case study environment to assess the ability of virtual 
commissioning to aid to the validation of a system and the 
verification of its controller code. 
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The first test procedure is aimed to validate the virtual 
system (digital factory developed) along with the logic 
through a simulation exercise. This is very important as it will 
indicate how the virtual system will operate with the current 
code in the   controller. This will however only be able to 
validate the actual behaviour (smart-device operations and 
logic) of the virtual system. 
 
The next test procedure will verify the correct operation of 
the current code in the real (physical) controller. The 
communication between the virtual system and the real 
controller will be done by making use of OPC and the OPC 
server. This communication process was explained earlier. 
The simulations will be carried out until all operations and 
functionality of the real controller code is verified 
successfully. This process will form part of the re-design if 
the code in the real controller need modification to be verified 
successfully. This will conclude the process of virtual 
commissioning. 
 
The final test procedure is now to connect the physical 
system to the verified controller and test all operations and 
functionality of the real system. It is now important to 
compare the operation of the system with the predictions 
made in the virtual commissioning phase. This process will 
also be an indication then if the virtual commissioning 
process was successful in the development of the system. The 
evaluation of the virtual commissioning to successfully 
predicted and validate the operation of the physical system is 
now complete [11]-[14].   
 
The next section will explain and show how this test 
procedures were carried out in the case study. It will indicate 
how the simulation were set up and executed. It is important 
to note that the real controller in the case study is called a 
Programmable Logic controller (PLC) and the three-axis 
hardware a Cartesian Robot (CR). 
 
A.  Validation Environment Setup  
To be able to execute the test procedures the system 
validation architecture as shown in Fig. 7 need to be 
combined. The setup consist of the real controller called the 
“System PLC” in Fig. 7 linked to the OPC server (this is 
actually a normal Personal Computer (PC)) and linked to the 
PC running the emulation software. The system PLC is linked 
to the real CR and the PC with the emulation software is 
linked to the virtual CR. The OPC server and PC running the 
emulation software can be set up on the same PC to minimise 
the cost. The server and PLC are connected via an Ethernet 
connection to establish bi-directional communication. This 
enable the server to provide the system with all the needed 
information as well as the input/output (IO) status from the 
PLC controller. 
 
The virtual CR need to be developed as was explain 
earlier including the logic and all behaviour functionality 
which need to be virtually validated. The physical CR need to 
be built and all functionality tested in comparison with 
operation and limitations used when developing the virtual 
CR. The control and feedback from the physical CR will be 
via the PLC that controls and monitor the CR’s operation. 
 
  
 
Figure 7: System validation architecture [4] 
 
B.  Environment Conditions for Validation Process 
In the previous paragraph all needed component for the 
validation environment were explained. The conditions under 
which the validation of the case study will take place will 
now be explained.  
 
The most important condition is that the virtual system 
need to be tested and simulated to get perfect operation and 
behaviour. This include the need to record all limitations and 
constraints from the different incorporated developed smart-
devices. This will now ensure that a validated virtual smart 
work cell is available. The same need to be done with the 
physical system. Numerous control sequences need to be 
executed by the PLC to validate that the operation of the 
physical CR is matched to the virtual CR and vice versa. The 
validation environment now has a matched virtual and 
physical system.  
 
The simulations will now be executed in two processes. 
The first process is running the simulations with the virtual 
CR connected via OPC to the real PLC controller. The second 
process is when the physical CR is linked to the virtual 
controller. In the first process the I/O of the PLC are 
monitored to ensure proper operation from the virtual CR in 
relation with the I/O signals. Then the physical CR will be 
monitored to ensure correct operation in relation to the virtual 
controller. The setup to establish these conditions are shown 
in Fig. 8. 
 
The mapping is showing the connection of the PLC I/O to 
the virtual system exactly the same as the physical wiring of 
the real CR to the PLC. When all this is done the complete 
environment set up will be compiled and used to run 
continues the process. All possible operations and 
functionality need to be noted before the compiled system is 
executed.  During the running of the compiled environment 
all operation and functionality identified before was 
monitored and validated. No faults were noted and the 
environment was verified as successful. This was successful 
and the developed system operated as to the initial 
specifications given at start of development process. The next 
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steps was to disconnect all connections to the virtual systems 
and connect the physical CR direct to the PLC and start using 
the physical PLC controlled CR. 
 
If for some reason all operations and functionality was not 
verified then the process need to go back to phase that can 
correct the fault either the creating of the smart-devices or the 
adding of the logic. 
 
                                 
 
Figure 8: Mapping devices to controller [4] 
 
IV.VALIDATION RESULTS DISCUSSION 
The results obtained from the case study will now be 
discussed and solution implemented explained. The first part 
of the validation provided a problem with the control of the 
one axis of the physical CR. The axis did move with 
inconsistent speed for some reason. It was investigated and it 
was found that the physical axis did move slower than the 
virtual designed axis.  This had the result that the virtual 
controller did assume that the physical axis did reach the 
destination before it actually did. The limitations of the 
specific smart-devices (created for the axis) was adjusted to 
accommodate the slower movement of the axis. An extra 
sensor was also added to indicate once the axis did reach the 
end stops to ensure no damage to axis when moving to the 
ends of its reach. This then did go through the validation 
process and proof to be successful in solving the problem. 
The rest of the system either virtual or physical produce no 
other errors.  
 
V.CONCLUSION 
The results obtained from the validation of the case study 
proof that virtual commissioning is possible and that it also 
contribute to the optimization of a system cycle times. The 
optimization aspects was not part of the initial specifications 
of the system. However during the simulation of the physical 
system when controlled by the virtual controller it was 
realised that the operation of the physical system can be 
optimised by optimising the operation and tasks of the smart-
device. 
 
The case study used in this paper showed the advantages 
of using virtual commissioning includes but are not limited to 
effective planning, no capital layout before system is verified 
and limit the risk of damage to real equipment before process 
and movement of equipment were validated. It also 
highlighted the added advantage of optimising the system 
processes and cycle time through virtual commissioning.  
 
Virtual commissioning gives the developer the 
opportunity to see the operation and functionality of the 
system and be able to modify or change anything without any 
capital cost. This will assist the system developer to show a 
demonstration of the proposed system to the client before 
starting with the physical system and allow the client to 
propose changes if the systems operation and functionality is 
not what the client expected or need.   
 
Virtual commissioning give system developers the 
opportunity to do proper planning, system integration and 
code verification before having any physical equipment. Then 
the developer can validate the physical equipment and verify 
the code of the controller before connecting the controller to 
the physical hardware. Virtual commissioning allow the 
developer to determine if it is actually profitable to build a 
system—thus build it right the first time or not at all [4]. This 
will enable system builders and integrators too shorten ramp-
up time for system development and be competitive in the 
global market. 
 
Further development in the virtual commissioning field 
can look at the automated generation of system controller 
code from the virtual controller. This will need the code to be 
in line with a specific standard for coding as is used in the 
PLC programming environment where the IEC 61131 
standard is applicable. 
 
There are other software packages on the market that are 
also able in doing virtual commissioning but the aim of the 
project and this paper, as stated earlier, was not to promote 
“DELMIA” software but to proof the advantages and use of 
virtual commissioning as stated in the introduction. 
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